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an increase in vascular capacity of a decrease in blood vol- 
. ume reduces the mean systemic filling pressure, which in 
turn reduces the venous return to the heart. Diminished 
venous return caused by vascular dilatation is often called 
"venous pooling" of blood. 

Causes of Neurogenic Sho k. Some of the different 
factors that can cause loss of vasomotor tone include the 
following: 

1 . Deep general anesthesia often depresses the vasomotor 
center, enough to cause vasomotor collapse, with resulting 
neurogenic shock. 
2; Spinal anesthesia, especially when this extends all the 
v way up the.spinal cord, blocks the sympathetic outflow from 
the nervous system and is a common cause of neurogenic 
shock. 

3. Brain damage is often a cause of vasomotor collapsed 
Many patients who have had brain concussion or contusion 
of the basal regions of the brain develop profound neuro- 
genic shock. Also, even though short periods of medullary 
ischemia cause extreme vasomotor activity, prolonged is- 
chemia can cause ihactivation of the vasomotor neurons 
arid can cause development of severe neurogenic shock. 

Vasovagal Syncope -^Emotional fainting. The cir- 
culatory collapse that results from -emotional" fainting 
Usually is not caused by vasomotor failure but instead by 
strong emotional activation of parasympathetic signals to 
—slow the heart and sympathetic sisals to dilate 
eral vasculature, thereby decreasing cardiac output and ar^ 
terial pressure. Therefore, the fainting that results from an 
emotional disturbance is called vasovagal syncope to differ^ 
entiate it from other types of fainting that result from other 
causes of reduced* cardiac output. 

ANAPHYLACTIC SHOCK 

"Anaphylaxis" is an allergic condition in which the car- 
diac output and arterial pressure often fall drastically. This 
is discussed in Chapter 34. It results primarily from an'anti- 
gen-antibody reaction that takes place immediately after an 
antigen to which the person is sensitive has entered the 
circulation. One of the principal effects is to cause the baso- 
phils in the blood and the mast cells in the pericapillary 
tissues to release histamine or a histamine-lihe substance. 
The histamine in turn causes (1) an increase in vascular 
capacity because of venous dilatation, (2) dilatation of the 
arterioles with resultant greatly reduced arterial pressurei 
and (3) greatly increased capillary permeability with rapid 
loss of fluid and protein into the tissue spaces. The net 
effect is a great reduction in venous return and often such 
serious shock that the person dies within minutes. 

Intravenous injection of . large amounts of histamine 
causes "histamine shock," which has characteristics almost 
identical with those of anaphylactic shock, though usually 
less severe. 

SEPTIC SHOCK 

The condition that was formerly known by the popular 
name of "blood poisoning" is now called septic shock by 
most clinicians. This simply means wideiy, disseminated in- 
fection to many areas of the body, with the infection being 
borne through the blood from one tissue to another and 
causing extensive damage. Actually, there are many differ : 
ent varieties of septic shock because of the many different 
types of bacterial infection that can cause it and also be- 
cause infection in one part of the body will produce different 



effects from those caused by infection elsewhere in the 
body. 

Septic shock is extremely important to the clinician be- 
cause this type of shock, more frequently than any other 
kind of shock besides cardiogenic shock, causes patient 
death in the modern hospital. Some of the typical causes of 
septic shock include 

1. Peritonitis caused by spread of infection from the 
uterus arid fallopian tubes, frequently resulting from in- 
strumental abortion. 

2. Peritonitis resulting from rupture 6f the gut, some- 
- times . caused by intestinal disease and sometimes by 

wounds. * 

3. Generalized infection resulting from spread of a sim- 
ple skin infection, such as streptococcal or staphylococcal 
infection. 

4. Generalized gangrenous infection resulting specifi- 
cally from gas gangrene bacilli, spreading first through the 
tissues themselves and finally by way of the blood to the 
internal organs, especially to the liver. 

5. Infection spreading into the blood from the kidney or 
urinary tracts often caused by colon bacilli. 

Special Features of Septic Shock. Because of the 
multiple types of septic shock, it is mfficult to categorize 
this condition. However, some features are 

1. High fever. 

2. Marked vasodilation throughout the body, especially 
in the infected tissues. 

3. High cardiac output in perhaps half of the patients, 
caused by vasodilation in the infected tissues and also by 
high metabolic rate and vasodilation elsewhere in the body 
resulting from bacterial toxin stimulation of cellular metab- 
olism and from the high body temperature. 

4. Sludging of the bloocl, presumably caused by red cell 
agglutination in response to degenerating tissues. 

5. Development of microdots in widespread areas of the 
body, a condition called disseminated intravascular coagula- 

, tion Also; this causes the clotting factors to be used up so . 
that hemorrhages occur into many tissues; especially into " 
the gut wall and into the intestinal tract. 

In the early stages of septic shock; the patient usually 
does not have signs of circulatory collapse but, instead, only 
signs of the bacterial infection itself. However; as the infec- 
tion becomes more severe, the circulatory system Usually 
becomes involved either directly or as a secondary result of 
toxins from the bacteria, and there finally comes a point at 
which deterioration of the circulation becomes progressive in 
the same way that progression occurs in all other types of 
shock Therefore, the end-stages of septic shock art not 
greatly different from the end-stages of hemorrhagic shock, 
even though the initiating factors are markedly different in 

^theiJiWo conditions., ^.v^. . . ... ^ . .,. 

Endotoxin Shock. A special type of septic shock is 
known as endotoxin shock. It frequently occurs when a 
large seginent of the gut becomes strangulated and loses 
most of its blood supply. The gut rapidly becomes gan- 
grenous, and the bacteria in the gut multiply rapidly. Most 
of these bacteria are so-called "gram-negative" bacteria, 
mainly colon bacilli^ that contain a toxin called endotoxin. 
Another condition that also frequently causes colon bacilli 
septicemia is extension of urinary tract infections into the 
blood. 

On entering the circulation, endotoxin causes an effect 
very similar to that of anaphylaxis, often resulting in severe 
shock. Also, further compounding the circulatory depres- 
sion is a direct effect of endotoxin on the heart to decrease 
myocardial contractility. 
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EFFECTS F SH CK N THE B DY 

D cr ased M tabolism and Cellular Deterioration 
in Hypovol mic Sh ck. In hypovolemic shock, the de- 
creased cardiac output reduces the delivery of both oxygen 
and other nutrients to the tissues. This in turn reduces the 
metabolism of virtually all cells of the body, leading to mul- 
tiple types of cellular damage, including (1) decreased abil- 
ity of the mitochondria to synthesize ATP, (2) decreased 
ability of the cell's membrane pump to keep the sodium 
concentration low and the potassium concentration high 
inside the cell, (3).depressed processing of nutrients by the 
cell's metabolic machinery, and (4) eventual rupture of 
many lysosomes, releasing digestive enzymes within the 
cells that cause intracellular destruction and even death of 
cells. Obviously, all these effects lead to still greater cellular 
deterioration and further decrease in total bodily metabo- 
lism. Usually a person can continue to live, for only a few 
hours if the cardiac output falls to as low as 40 per cent of 
normal. 

Muscular Weakness. One of the earliest symptoms of 
shock is severe muscular weakness that is also associated 
with profound and rapid fatigue whenever patients attempt 
to use their muscles. This obviously results from the dimin - 
ished supply of nutrients ^— especially oxygen — to the mus- 
cles. 

Body Temperature. Because of the depressed metabo- 
lism in shock, the amount of heat liberated in the body is 
reduced (except in septic shock in which the infection may 
cause an opposite effect). As a result, the body temperature 
tends to decrease if the body is exposed to even the slightest 
cold. 

Mental Function. In the early stages of shock the per- 
son is' usually conscious, though signs of mental haziness 
may be rioted. As the shock progresses, the person falls into 
a state of stupor, and in the last stages of shock even the 
subconscious mental functions, including vasomotor con- 
trol and respiration, fail. 

A person who' recovers from shock usually exhibits no 
permanent impairment of mental functions. 

R duced Renal Function and Renal Deterioration. 
Even the slight decreases in cardiac output arid arterial 
pressure that occur in the early stages of shock greatly di- 
minish or even abolish urine output, because the glomerular 
pressure falls below the critical level required for filtration. 
Other renal effects are discussed in Chapters 26 through 29. 
This retention of fluid by the kidneys is usually helpful in 
shock, for it aids in preventing further diminishment of 
blood volume. 

In the late stages of shock, however, the renal tubular 
epithelial cells deteriorate extremely rapidly because nor- 
mally they have.a very high metabolism and require.large 
amounts of nutrients. The result is severe tubular necrosis 
with tubular cell death and sloughing and blockage of the 
tubules. Therefore, even though a person might survive the 
shock itself, the damage often subsequently causes renal 
shutdown, with death occurring a week or so later because of 
uremia. 



PHYSIOLOGY OF TREATMENT IN 
SH CK 

REPLACEMENT THERAPY 

Blood and Plasma Transfusion. If a person is in shock 
caused by hemorrhage, the best possible therapy is usually 



transfusion of whole blood. If the shock is caused by plasma 
loss, the best therapy is administration of plasma; when 
dehydration is the cause, administration of the appropriate 
electrolytic solution can correct the shock. 

Unfortunately, whole blood is not always available, such 
as under battlefield conditions. However, plasma can usu- 
ally substitute adequately for whole blood because it in- 
creases the blood volume and restores normal hemody- 
namics. Plasma cannot restore a normal hematocrit, but the 
human can usually stand a decrease in hematocrit to about 
one-third normal before serious consequences result if the 
cardiac output is adequate. Therefore, in acute conditions it 
is reasonable to use plasma in place of whole blood for treat- 
ment of hemorrhagic and most other types of hypovolemic 
shock. 

Sometimes plasma also is unavailable. In these instances, 
various plasma substitutes have been developed that per- 
form almost exactly the same hemodynamic functions as 
plasina. One of these is the following: 

Dextran Solution as a Plasma Substitute. The prin- 
cipal requirement of a truly effective plasma substitute is 
that itjremain in the circulatory system — that is, not filter 
through tKe dapillary pores into the tissue spaces. In addi- 
tion, the solution must be nontoxic and must contairvapprc-- 
priate electrolytes to prevent derangement of the extracel- 
lular fluid electrolytes on administration. To remain in the 
—circulation the plasma substitute must contain some sub-^ 
stance that has a large enough molecular size to exert colloid 
osmotic pressure. 

One of the most satisfactory substances that has been 
developed thus far for this purpose is dextran, a large poly- 
saccharide polymer of glucose. Certain bacteria secrete dex- 
tran as a by-product of their growth, and commercial dex- 
tran is manufactured by a bacterial culture procedure. By 
varying the growth conditions of the bacteria, the molecular 
weight of the dextran can be controlled to the desired value. 
Dextrans of appropriate molecular size do not pass through 
the capillary pores and, therefore, can replace plasma pro- 

- -tein's as colloid osmotic agentsV 

Fortunately, few toxic reactions have been observed 
when using dextran to provide colloid osmotic pressure; 
therefore, solutions of this substance have proved to be a 
satisfactory substitute for plasma in much fluid repiace- 
rhent therapy. 

TREATMENT OF SHOCK WITH 
SYMPATHOMIMETIC DRUGS 

A sympathomimetic drug is a drug that mimics sympa- 
thetic stimulation. These drugs include norepinephrine, 
epinephrine, and a large number of long-acting drugs that 

- have the same, effects: as epinephrine andinorepihephrine. 

In two types of shock, sympathomimetic drugs have 
proved to be especially beneficial. The first of these is neuro- 
genic shock, in which the sympathetic nervous system is 
severely depressed. Administering a sympathomimetic drug 
takes the place of the diminished sympathetic activity and 
can often restore full circulatory function. 

The second type of shock in which sympathomimetic 
drugs are very valuable is anaphylactic shock, in which his- 
tamine plays a prominent role. The sympathomimetic 
drugs have a vasoconstrictor effect that opposes the vasodi- 
lating effect of histamine. Therefore, either norepinephrine 
or another sympathomimetic drug is often lifesaving. 

Unfortunately, sympathomimetic drugs have not proved 
to be very valuable in hemorrhagic shock. The reason is that 
in this type of shock the sympathetic nervous system has 
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almost always already become maximally activated by the 
circulatory reflexes, and so much norepinephrine and epi- 
nephrine are circulating in the blood that the sympathomi- 
metic drugs have essentially no additional beneficial effect. 

OTHER THERAPY 

Tr atm nt by th Head-Down Position. When the 
pressure falls too low in most types of shock, especially 
hemorrhagic and neurogenic shock, placing the patient with 
the head as much as a foot lower than the feet will help 
tremendously in promoting venous return and thereby in- 
creasing cardiac output. Therefore, this is the first essential 
in the treatment of many types of shock. 

Oxygen Therapy. Since the major deleterious effect of 
most types of shock is too little delivery of oxygen to the 
tissues, giving the patient oxygen to breathe can be of bene- 
fit in some instances. However, this frequently is of far less 
value than one might expect because the problem usually is 
not inadequate oxygenation of the blood in the lungs, but 
inadequate transport of the blood after it is oxygenated. 

Treatment With Glucocorticoids. Glucocorticoids are 
frequently given to patients in severe shock for several rea- 
sons: (1) Experiments have shown empirically that gluco- 
corticoids frequently increase the strength of the heart in 
the late stages of shock; (2) glucocorticoids stabilize the 
lysosomaLmembranes and preventrelease of lysosomal en- 
zymes into the cytoplasm of the cells, thus preventing dete- 
rioration from this source; (3) glucocorticoids might also aid 
in the metabolism of glucose by the severely damaged cells. 



CIRCULATORY ARREST 

A condition closely allied to circulatory shock is circula- 
tory arrest, in which all blood flow completely stops. This 
occurs frequently on the surgical operating table as a result 
of cardiac arrest or of ventricular - fibrillation; 

Ventricular fibrillation can usually be stopped by strong 
electroshock of the heart, the basic principles of which were 
described in Chapter 13. 

Cardiac arrest usually results from too little oxygen in the 
anesthetic gaseous mixture or from a depressant effect of 
the anesthesia itself. A normal cardiac rhythm can usually 
be restored by removing the anesthetic and then applying 
cardiopulmonary resuscitation procedures for a few min- 
utes while supplying the patient's lungs with adequate 
quantities of ventilatory oxygen. 

Effect of Circulatory Arrest on the Brain 

* A special problem in circulatory arrest is to prevent detri- 
mental effects in the brain as a result of the arrest. In gen- 
eral, 4 to 5 minutes of circulatory arrest causes permanent 
brain damage in over half the patients. Circulatory arrest 
for as long as 10 minutes almost universally destroys most, 
if not all, of the mental powers. 

For many years it was taught that this detrimental effect 
on the brain was caused by the cerebral hypoxia that occurs 
during circulatory arrest. However, experiments have 
shown that, if blood clots are prevented from occurring in 
the blood vessels of the brain, this will also prevent the very 
rapid deterioration of the brain during circulatory arrest. 
For instance, in one animal experiment, all of the animal's 



blood was removed from the blood vessels at the beginning 
of circulatory arrest and then replaced at the end of the 
circulatory arrest, so that no intravascular blood clotting 
. could occur. In these, the brain was able to withstand up to 
30 minutes of circulatory arrest without any permanent 
brain damage. Also, administration of heparin or strepto- 
kinase prior to cardiac arrest was shown to increase the 
survivability of the brain two to four times as long as is 
usually the case. Therefore, it is likely that the severe brain 
damage that occurs following circulatory arrest results 
mainly from permanent blockage of many small or even 
large blood vessels by blood clots, thus causing prolonged 
ischemia and eventual death of the neurons. 
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